Abstract. Forecasting Solar Energetic Particle (SEP) fluence, as integrated over an SEP event, is an important element when estimating the effect of solar eruptions on humans and technology in space. Current real-time estimates are based on SEP measurements at a single location in space. However, the interplanetary magnetic field corotates with the Sun approximately 13
Introduction
Total dose due to Solar Energetic Particles (SEPs) is an important factor in evaluation of radiation risk for astronauts and spacecraft. SEP fluence is affected by acceleration at the Sun and in interplanetary space (e.g. Reames 1999 ), scattering of particles along and across the field lines (e.g. Jokipii 1966 ), cross-field propagation due to field-line meandering (Laitinen et al. 2016 ) and drifts (Dalla et al. 2013) , and motion of the observer relative to the SEP source region, i.e. corotation (Giacalone & Jokipii 2012; Marsh et al. 2015) . We study the effects of corotation on SEPs using a simple model and STEREO/LET (Mewaldt et al. 2008 ) SEP observations in 2013, when the spacecraft were at ∼ 60
• heliolongitudinal distance from each other. Such separation mimics the recently suggested L1/L5 mission concepts (e.g. Trichas et al. 2015) .
Effect of corotation of the SEP source: simple model
We estimate the effect of the corotation of the particle source on the SEP intensities with a simple 1D diffusion model. We use impulsive injection with Gaussian longitudinal injection distribution, which gives the particle intensity n at the observing spacecraft as
where φ and r are the observer's heliographic longitude and radial distance from the Sun, t is time from injection, λ the scattering mean free path, v the SEP speed, ∆φ = φ F − φ S/C,F with φ F and φ S/C,F the SEP source and spacecraft footpoint longitudes, σ φ = 40
• (e.g. Richardson et al. 2014) , and n 00 a constant. We show in Figure 1 A spacecraft observing the SEPs at 1 AU rotates at rate Ω = −13.2
• /day with respect to the SEP surface, giving ∆φ = φ F − (φ S/C,F (t = 0) + Ωt). The spacecraft thus moves with respect to field lines that are connected to different-strength SEP injections at the Sun. The effect of this motion on SEP fluxes is demonstrated in Figure 1 (b) , where the initially well-connected spacecraft (magenta curve) sees rapid SEP intensity onset followed by fast decay, whereas a spacecraft seeing the SEP event as central (green curve) sees the SEP intensities remaining high for several days. Similar features can be seen in SEP event profiles observed with different initial longitudinal separations (Cane et al. 1988) . As seen in our simple model, corotation can produce these features without requiring a continuous, moving SEP source, as shown also by Marsh et al. (2015) .
Multi-spacecraft observations
We analysed 10 MeV proton intensities during 10 events where SEPs were observed by both STEREO/A (STA) and STEREO/B (STB) LET instruments (Mewaldt et al. 2008) in 2013. The source longitude φ F was analysed from STEREO and SOHO observations, and compared with previous studies (e.g. Richardson et al. 2014) , while φ S/C,F was obtained using the solar wind velocity at STA and STB.
Figure 2 (a) shows an event with the SEP source between the two spacecraft. As with all (4/10) events with this connectivity, the slower increase at STB is qualitatively consistent with STB propagating towards higher-intensity field lines. Figure 2 (b) shows an event where both spacecraft are advancing away from the source region. STA reaches ∆φ = 180
• on 27 June, which is seen as an increase in intensities. Overall, the SEP event profiles showed signatures of SEP source corotation.
In Figure 3 function of the initial ∆φ, both for cases including corotation (solid curves) and ignoring corotation (dashed curves). The corotation causes a significantly increased fluence for initially eastern SEP sources (∆φ(t = 0) < 0). The fluence also depends strongly on λ.
In Figure 3 (b), we show the observed SEP fluences for the analysed events, as a function of the longitude. As can be seen, within a given event the fluences are generally larger for ∆φ(t = 0) ∼ 0, however there is considerable scatter, and low statistics prevent deducing clear asymmetries.
Conclusions
Propagation models show that the corotation of the SEP-filled field lines with the Sun affects the SEP intensities observed by interplanetary spacecraft. Our SEP event analysis shows that the time-intensity morphology is consistent with corotation affecting the event profiles. Low statistics prevent finding signatures of corotation in fluences without further, more involved modelling. Two-spacecraft observations bring more information, but require further study before their value can be estimated fully, including taking into account the varying interplanetary turbulence (e.g. Burlaga & Turner 1976) , which has significant influence on SEP transport along and across the mean field, and SEP fluences.
